Abstract
INTRODUCTION
Traffic Demand in an area can be represented by an origindestination matrix which is essentially a table containing the number of trips from each origin to each destination in the area (Abrahamsson T, 1988) . Origin-destination (O-D) matrices are of vital importance for traffic management and control as well as transportation systems operation, design, analysis, and planning in the longer term. These matrices contain information about the spatial and temporal distribution of activities between different traffic zones in an urban area. Estimating O-D Matrix from traffic flow data collected on road links is a tool commonly used to produce O-D Matrices when existing information is out-of-date or incomplete. It is also less labour intensive than traditional methods for deriving O-D Matrices, such as O-D survey method using home or roadside interviews.
There is some software which can estimate O-D Matrix but it is always wise to use coded algorithms which can be flexible to the type of data available in the study area. Bi-level programming is hierarchical optimization problem, where the constraints of one problem are defined in part by a second parametric optimization problem. The priori matrix to be input into the bi-level programming can be obtained from the Software CUBE 6.0 which is highly efficient coded transportation planning software. In this thesis a unique attempt has been made to script a bi-level program in the CUBE software. The result will be a highly efficient and precise O-D Matrix for Tiruchirappalli City.
ESTIMATION OF ORIGIN-DESTINATION

MATRIX
Introduction
The Origin-Destination (O-D) matrix estimation problem is to find an estimate of some travel demand between pairs of zones in a region. The OD matrix is difficult and often costly to obtain by direct measurements/interviews or surveys, but by using traffic counts and other available information one may easily obtain a reasonable estimate. Virtually all models for OD matrix estimation use prior information on the OD matrix. The prior information might be expressed in terms of a target OD matrix.
Estimation of Origin-Destination Flows from
Traffic Counts
The method of estimating O-D trip matrix from traffic counts is reversely estimating the O-D trip matrices from the link traffic counts, making an assumption that certain relation exists between the data of the future O-D trip matrices, which cannot be observed at once, and the present observation of the link traffic counts (Bera. S, 2011) . This basis concept can be described as follows:
Where; Va = flow on link 'a' in the network, Tij = number of trips between zone i and zone j, 
METHODOLOGY
The travel demand in the study area is dependent on many factors which influence the number of trips generated from a region. In the state-of-art, it is assumed that the trips are originating and terminating towards the zone center. The zonal characteristics, therefore, play an important part in the study.
Methodology adopted for extraction of land-use Methodology adopted for estimation of O-D matrix from bi-level programming
SOFTWARE USED
Arc GIS 9.2
Arc GIS has a high-level geographic data model for representing spatial information as features, rasters, and other spatial data types. Arc GIS supports an implementation of the data model for both file systems and DBMSs. The file-based models include GIS datasets, such as coverages, shape files, grids, images, and Triangulated Irregular Networks (TINs). Arc GIS enables a large volume of imagery to be made quickly accessible to a wide range of applications and users.
Cube 6.0
The CUBE software suite is a comprehensive set of modules that support transportation planning, including transportation forecasting and system analysis. CUBE integrates the best in modeling methods with the best in graphics technology for the study of transportation systems. With CUBE, you can generate decision-making information quickly using powerful modelling and GIS techniques, statistics and comparisons, high-quality graphical output, and a variety of reporting methods.
STUDY AREA
The study area is Tiruchirappalli town, Tamilnadu (Fig 1) , one of the famous historical and cultural cities in India. The spatial extend of the study area is between 10˚ 44' 46" N to 10˚ 52' 46" N Latitude and 78˚ 39' 11" to 78˚ 44' 13" E Longitude.
Tiruchirappalli city consists of 60 wards (4 zones). Each zone is divided into 15 wards. Tiruchirappalli city consists of 60 wards (4 zones). Each zone is divided into 15 wards.
Data Source
CARTOSAT-1 or IRS P5 (Indian Remote Sensing Satellite) is a state-of-the-art remote sensing satellite built by ISRO which is mainly intended for cartographic applications. 
GIS/RS
O-D MATRIX
BI-LEVEL PROGRAMMING
TRAFFIC COUNTS
Demographic Data and Network Details
The Demographic data and other secondary data were obtained from the Tiruchirappalli Municipal Corporation. The network details including the Name of Road, Class of Road, Speed etc. are collected. All these are required to be input into the modeling software for obtain a compatible matrix.
Land Use Classification
The various land use was identified using Google Earth maps and similarly in Arc GIS 9.2 and digitized simultaneously. The characteristics of the digitized areas were cross-checked using ground truth analysis. The total area of each land use was summed up and the residential density was determined in persons per sq. km. This is used as a measure in determining the travel demand of an area (Aswathy R, 2011). But as a fact residential density by itself cannot be a determining factor in trip generation. Depending upon the characteristic and accessibility index of an area the residential density may differ ( Maneesha M, 2010) . 
TRAVEL DEMAND PARAMETERS
Trip generation models relate trip generation rates to land-use and household characteristics. The physical and demographic characteristics of the area include: employment, population, and density. There are at least two approaches in terms of data aggregation in trip generation models: aggregate trip generation models and disaggregate trip generation models. In aggregate models, data at a given geographic level, such as neighbourhood or city, are used. In disaggregate models, data at the household or individual levels are used.
Densely population residential areas will generate large numbers of trips in the morning peak period. Industrialised areas will attract large numbers of trips in the morning peak. 
TRIP GENERATION EQUATIONS
Zonal Least Squares Regression Analysis:
Multiple correlation coefficients R2 measures the goodness of fit between the regression estimates and the data. In this study the R2 value obtained is 0.87 which shows the given equation has a good fit.
Trip Generation in Cube 6.0
Trip Generation: Estimates the total daily demand for travel (typically in person trips per day) arising from various urban activities (Work/ Education/ Recreation/ Other). Inputs Socio economic/demographic data for all zones Trip production and attraction equations Outputs Production Attraction 
Impedance Matrix
One of the major inputs to a gravity model trip distribution model is the Highway Impedance matrix. In determining the travel impedance (the path of least resistance between each pair of zones), travel times, distance and/or tolls are summed up for the links between each zone pair and the results are stored in a zone-to-zone travel impedance matrix. In this study the Impedance Matrix can be generated from the software CUBE using the Friction Factor table and Network file as input.
Conversion of P-A Matrix to O-D Matrix
To convert PA matrix (Trip Ends) into equivalent O-D matrix which gives trip interchanges in terms of person trips per day between every pair of zones.
GRADIENT BASED APPROACH FOR MATRIX UPDATION
Introduction
The gradient method for adjusting a single class origindestination matrix by using observed flows is extended to consider a reference matrix and to adjust simultaneously the O-D matrices. In order to maintain the structure of the O-D matrices that are adjusted, it is highly desirable to include a demand term in the objective function of the adjustment model (Spiess, H., 1990) . Weightages are given to the link term and the demand term which together constitute the objective function. The minimisation of the objective function with a negative gradient and a calculated step length forms the constraint for function.
Problem Definition
The nodes of the road network is denoted n, where nϵN and the links are denoted a, where aϵA, considering n is the set of nodes and a is the set of links 
Solution Algorithm
A compact formulation of the bi-level (or mathematical programming with equilibrium constraints) single-class O-D adjustment problem is given by the following algorithm (Noriega,Y.,2009):
Step 0: Initialization. Iteration l = 0
Step 1: Single-class assignment. Single-class assignment of demand g l (for all m) to obtain link volumes v a l for aϵA Step 2: Link derivatives and objective function. Computation of the link derivatives (v a l -v ál ) for aϵA, and the objective function :
If the maximum number of iterations L is reached go to Step 7
Step 3: Assignment to compute the gradient matrix. Carry out single-class assignment with path analysis to compute the gradient matrices, then add demand term
Step 4: Assignment to obtain the derivatives. Carry out assignment to obtain the descent direction
Step 5: Update of the demand matrices. Optimal step length:
Update of the demand matrix:
Step 6: Iteration counter. Update the iteration counter l= l+1 and return to Step 1
Step 7: End
Testing of Program Using Hypothetical Network in Matlab
Using MATLAB a hypothetical network was created and then the Gradient descent approach was applied to it. 
Application of Program to Real Network
The work flow of model in CUBE consists of the following: 1. Gather and code data-Transportation networks, roadway centerlines, intersection definitions 2. Define TAZ boundaries-here 60 wards are considered as TAZs and summarize demographic and economic factors ( households and employment ) by zone 3. Define model functions-Obtain travel behavior and survey the traffic proportions and network details 4. Specify, estimate and calibrate mathematical relationships using statistical and regression tools and methods 5. Link data and processes with interface-Sequence steps and link common data files 6. Creation of catalog, to run, review, revise as needed 
CONCLUSIONS
The factors affecting travel demand in the study area was identified and incorporated in the model using appropriate network conditions to obtain a scenario specific seed O-D matrix. The seed O-D matrix obtained is proportional to the actual travel demand.
• The seed O-D matrix which is used as the base for updating the matrix is found to be having close proximity to the actual O-D matrix and also the traffic counts from the manual survey. The wards having maximum and minimum number of trips are similar in both seed and updated matrix.
• In this thesis a highly efficient transportation software CUBE has been used to generate the seed matrix using the traditional real world data and also to incorporate the link counts and update the matrix.
• Gradient descent approach helps in updating the O-D Matrix and hence travel demand estimation will be easier and effective. The feasibility of the developed program has been validated from the hypothetical networks.
